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INTRODUCTION 
Crack detection is one of the major areas of interest in thermal non-destructive testing. 
Cracks provide a very difficult target for thermal NDT due to several reasons. In thermal 
methods a heat pulse is usually applied to the surface of an inspected sample and that pulse 
propagates into the sample in a direction perpendicular to the surface plane. This means that the 
cracks opening to the surface are not necessarily detected since very little heat is trapped in the 
surface area around the crack and the infrared detectors are not sensitive enough to detect the 
difference in the surface temperature. Naturally, not all the cracks reach the surface, making the 
detection process even more cumbersome. Finally, the cracks are often extremely narrow, 
contributing only a very small distortion to the thermal characteristics of the sample. 
However, there are existing thermal methods for detecting cracks. Perhaps the best known 
means is the method called optical beam deflection or the "mirage" technique. With the mirage 
technique very thin cracks can be detected [1], but the method is very slow. Another technique 
that has shown considerable success in crack detection is the so-called "flying spot" method. 
This method can successfully be applied for finding closed cracks and it is considerably faster 
than mirage technique [2]. Both these methods use a very tightly focused laser beam for the heat 
source generating also a lateral heat propagation in the sample in addition to the vertical one. 
A third method that uses the lateral heat flow for detecting flaws in a sample is a line 
scanning technique [3], where a moving line source is scanned over the sample surface. This 
method has not traditionally been considered a crack detection technique because the spatial 
resolution of the method is not comparable to that of the mirage or flying spot methods. This is 
mainly due to a wider heat source size that tends to deteriorate the resolution. On the other hand 
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Fig L a) A schematic drawing of the numerical model used in the calculations. The crack is 
parallel to the heating line. b) The same model, but the crack is perpendicular to the heating line. 
c) The obtained surface temperature difference map when the scenario depicted in Fig. 1 a) was 
used. d) The obtained surface temperature difference map when the scenario depicted in Fig. 1 
b) was used. 
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the lateral heat flow exists only in the scanning direction of the line source, meaning that the 
cracks that are perpendicular to the heating line cannot be detected. These disadvantages can be 
countered by making the scan in two mutually perpendicular directions and combining the 
obtained surface temperature distributions (thermal images). By rotating the other thermal image 
by 90 degrees and subtracting it from the other the contrast of the otherwise weak images can be 
enhanced. Furthermore, because all the details that are not dependent on lateral heat flow are 
effectively eradicated, the "rotate and subtract" technique should provide a powerful tool for 
detecting cracks and other direction-dependent anomalies. 
NUMERICAL EXAMPLES 
Due to the movement of the line heat source the surface temperature is not uniform. This 
asymmetry generates heat flow in the direction of the line source movement. On the other hand, 
alongside the line source there is no asymmetry and consequently no net heat flow. For these 
reasons direction-dependent anomalies like cracks can only be detected in certain directions, an 
effect which can be demonstrated numerically. 
Figs. 1 a) and b) show two different finite difference scenarios of crack locations in relation 
to the line source movement. The model used in the calculations consisted of 20 x 240 x 15 grid 
points corresponding to a physical sample size of 30 mm x 50 mm x 3 mm. In both scenarios the 
line source moved in the y-direction and because of this the grid point density in that direction 
was chosen to be very large. The crack was simulated using a thermal contact resistance, Rc = 
10-4 m2KW-l, placed between grid points either in the x-direction or the y-direction. The 
physical size of the crack in the model was 15 mm in length and 0.55 mm in depth. The width of 
the line source was 300 11m and the heating power 1.5 W, simulating a line-focused laser beam. 
The thermal characteristics used were those of common aluminium. 
The results of the calculations are shown in Figs. 1 c) and d). In the case of Fig. 1 c) the 
model shown in Fig. 1 a) was used. The surface temperature difference between the faultless 
and the defected area was of the order of one degree and the crack was clearly detectable. 
Because the laser line moved towards the y-direction the lateral heat flow could not propagate 
through the crack and a considerable rise in the surface temperature was detected. When the 
sample was rotated 90 degrees the obtained surface temperature was negligible (Fig. 1 d). In this 
case the crack did not provide a serious enough obstacle for the heat propagation. 
EXPERIMENTAL SETUP 
In order to experimentally test the conclusions drawn from the numerical calculations an 
aluminium sample was prepared with two saw cuts and four flat-bottomed holes (Fig. 2). The 
saw cuts and the holes were 0.2 mm beneath the sample surface. The size of the sample was 40 
mm x 40 mm and it was 5 mm thick. The diameter of the holes was 4 mm and the width of the 
saw cuts were 0.2 mm. The saw cuts were aligned perpendicularly to each other with the holes 
in the four corners of the sample. The holes provide a fast way to adjust the scanned length and 
height of the surface area so that the imaged area is at the center of the sample. After the 
alignment process the thermal images were taken from an area surrounded by the holes. 
According to the numerical calculations only the saw cut parallel to the heating line (and the 
holes) should appear in the thermal image (Fig. 2). If the sample is rotated 90 degrees, the other 
saw cut should appear in the second thermal image and the first one should be invisible. Rotating 
the second thermal image backwards and subtracting it from the first one should provide a 
thermal image showing only the saw cuts and other direction-dependent details. As a result better 
contrast should be achieved and all the undesirable features subtracted from the fmal image. 
449 
SAMPLE: 
-aluminium 
0 
0 
saw 
cuts 
«1>=0.2 mm 
~o 
--
o o 
~~ 0 0 
Rotated sample 
0 
0 
Thermal image #1 
o 
=> 
Thermal 
image #1 
=> 
Thermal 
image #2 
0 0 
0 0 
Backwards rotated 
thermal image #2 
o 
o 
0 
0 
= 
flat 
bottom 
holes 
«1>= 4.0 mm 
o 
o 
0 
0 
Final subtracted 
image 
Fig. 2. A schematic drawing of the aluminium sample and a description of the "rotate and 
subtract" imaging technique. The size of the sample is 40 mm x 40 mm. 
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Fig.3. The measurement system. 
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This way not only can the cracks be detected, but possible anisotropies in the sample should also 
become visible. If needed, the homogeneous features can be preserved in the final image by 
adding the original images instead of subtracting. 
The measurements were made using an infrared line scanning measurement system (Fig. 3) 
described earlier by Hartikainen [3]. The line heat source was generated with an argon laser 
beam, which was focused in a line on the sample surface. The estimated heating power was 1.5 
W in a line 20 mm long and of 300 ~ wide. The sample was moved perpendicularly towards 
the heating line with a stepping motor and the surface temperature was simultaneously monitored 
with an AC-coupled MCT detector. The detection point was translated alongside the heating line 
with the help of a deflection mirror, movement of which was synchronized with that of the 
stepping motor. In addition to the translation stage, a rotational stage was also built into the 
measurement system so that the sample could be easily rotated after a scan. 
In order for the "rotate and subtract" technique to work properly the actual scanned area must 
be exactly square-shaped and the pixels in the thermal image must correspond to physical square-
shaped areas on the sample surface. Otherwise, when the sample is rotated the second scan does 
not image the same area. 
RESULTS 
Fig. 4 shows the two thermal images obtained from the two scans and the fmal subtracted 
image. All the images were taken from a 20 mm x 20 mm area at the center of the sample and the 
laser line moved in the image from left to right The flrst scan is shown in the top left image and 
the second scan after the sample was rotated is shown in the top right image. In both these 
images the saw cut parallel to the heating line is faintly visible in the right side of the images. 
Also small traces of the perpendicular saw cut can be seen in the bottom side of the flrst image 
and the top side of the second image. The perpendicular crack can be detected because the saw 
cut with the width of 0.2 mm is a rather large for a crack. In the final rotated and subtracted 
thermal image both the cracks are clearly visible although other phenomena are apparent. These 
phenomena are due to emissivity variations in the sample surface and nonuniform heating caused 
by the gaussian proftle of the laser beam. In addition to these factors the detector is AC-coupled, 
which tends to enhance the effects of emissivity variations and nonuniform heating. 
Furthermore, the AC-coupling acts like a ''trace edges" ftlter, complicating the "rotate and 
subtract" technique to some degree. 
CONCLUSIONS 
A scanned line heat source generates lateral heat flow in the direction parallel to the scanning 
direction. As a consequence the resulting surface temperature distribution (thermal image) 
depends on the scanning direction if the sample is anisotropic or has directional defects like 
cracks. The numerical calculations show that only the cracks that are parallel to the heating line 
can be detected. At flrst this seems like a serious methodological disadvantage, but it can be 
made into an advantage by taking two scans in mutually perpendicular directions and combining 
the resulting two thermal images after rotating one image 90 degrees. Furthermore, if the images 
are subtracted from each other, only the direction-dependent features are left in the fmal thermal 
image. This "rotate and subtract" technique will provide a useful tool for anisotropy mapping 
and crack detection. 
451 
a) b) 
c) 
Fig. 4 a) A thermal image of an aluminium sample with two perpendicular, 0.2 mm wide saw 
cuts. b) A thermal image of the same sample after the sample was rotated 90 degrees counter-
clockwise. c) A thermal image produced by rotating the image in b) 90 degrees clockwise and 
subtracting it from the image in a). 
Experiments made with an aluminum sample that had two perpendicular saw cuts acting as 
cracks showed that the method works to provide images of cracks with improved contrast. 
However, due to experimental difficulties, mainly the AC-coupling of the detector, the desired 
effect, i.e. ,anisotropy detection, is masked by the "trace edges" filtering effect inherent to this 
kind of an experimental situation. However this problem can corrected by using calibrated, DC-
coupled surface temperature monitoring instead of the current relative detection schema. 
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